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SECTION 1V.-RIVERS AND FLOODS. 
RIVERS AND FLOODS, SEPTEMBER, 1916. 

By ALFREI) J.  HENRY, Profemor in Charge. 

[naled: Renther Burmu Washington, Oct. 33, 1916.1 

Thew was a rather marked absence of floods in all of 
the larger rivers of the United States during Septembw, 
1916. In the lower Rio Grande flood stage was reached 
on the l4th, Rio Grande C‘ity, Tes., but evidently the 
Hood was confined to thc estreins lower reaches of the 
stream, since the river at  Ea le Pass, Tes., the nest sta- 
tion upstream was below i o o d  stage throughout the 
111ont11. 

Freshet stages prevailed on the Nueces River on the 
15th, evident1 due to locd rains in the aaterslied. The 

earl da-ys of the month, but fell stearlily thereafter. 
&drographs for t-y ical points on several principal 

are Keokuk. St. Louis, &fcmphis, Yicksburg, and 

the Ohio : Nashville, on tho Cumherland : Johnsonrille, 
on the Tmnessw : I<aiisns City, on thc Missouri: Little 
Rock, on the Arlmisns; nnd Shreveport, on the Red. 

rivers of Sout 1 Carolinn were near flood stage during the 

i-iwrs are shown on (’ P iart I. The stations sclectccl for 

on the Mississippi; Cincinnati and Cairo, on 

SNOW DENSITIES IN THE SIERRA NEVADA. 

By l lesny 17. ALCIATORE. Meteorologist. 

[Dated: \Vesther Rnrmu Office, Reno, Nev., -4ug. 10, l9lfi.] 

Students of meteorology can not but be iniprc.ssec1 hy 
the paucity of information that characterizes iriost, of the 
present-day testboola as to the density of snow nncl its 
iinderlglng cauqes, and y e  may say, in passing, that sonic 
of the information contained therein IS of doubtful value? 
if not actually misleading. For instance, in one of the 
latest works on nieteorology (published in 1913) thc 
author states that: “It requu-es from 6 to 30 inches of 
s.iiow to make an inch of water, depending on the light- 
ness of the snow; the average value, however, is about 
10.” 

Now, in terms of density this imam that one kind of 
snow niay have a density of 17 er cent and anotlier kind 

whether freshly fallen or old snow is nieant, that stnte- 
ment leaves much to be desired as to ac.curacy and coni- 
pleteness. As a matter of fa.ct, Ward has found clensi- 
ties of 0.008 (March,. 1S76) and 0.020 (December, 1S741, 
and Chassant mentions one of 0.034 (L’HCrault, March 
1857); Mougin and Bernard (July, 1903) found a den- 
sity of 0.344; all of the above values are for fresh snow. 
As to old snow, densities of 0.450 are very common in the 
sprinw; C0le,3 of the United States Weather Bureau, 

in a dee snow cover m the Sierras. As a rule 
is less 2 ense than olfl snow, but esceptions are met with 
occasionally. Schreiber * made .some measurements at 
Potsdam in 1896 with the following results: 

3 per cent. As this wr1tt.r cp oes not tell his readers 

foul$ a density of more thaii.SO per cent near 

1 U7enfkr, Fritz. SpqifWhe Dichte des Gehnees. Berlin. 1?14. p. 14. 
9 Bruc t A. La demit6 de la n e. Bruxelles. 1906. pp. a. 1% 
a In an inwblished YS. re~ort  31013, in Weether Bureau fils. 

“A siniplo coiisicleration of the difference between 
fresh and old snow,” says Brackc?,’ “shows that tempera- 
ture, humidity, direction of the wind, fogs, and clouds, 
are many factor! which inteiwne to procluce varia- 
tions in the physical state of a snow cover; it IS of the 
greatest importame to state thc condition of the weather 
whcn making. mensureniants.’t 

In the spring of 1916 a series of snow surveys was 
made by the ‘CTnibecl States Weather Bureau in the 
Tnhoe, Carson, and Walker watersheds, in cooperation 
with the University of Nevada. The several snow comes  
ln,y within n quadranglo about 5.5: niiles long, by 45 
wide, with its northern edge in latitude 3s’ 5s’ N., and 
its eastern edge in longitude 119’ 35’ W. According to 
9. H. Palmer: this includes the region of heaviest snow- 
fall in the United States. In all, 11 courses were laid 
out, in each of which 39 to 40 measurements, 50 feet 
&pa$ mere made with a snow Sam ler and spring balance 
devised several years ago by 8r. J. E. Church, jr., 
ineteorologist of the TjiiiveiBity of Nevada. The depth 
of the snow cover, in inches, was measured wjth the 
snni ler tube, while tlie water content was ohtamed by 

balance, the dial of which gives directly the water 
ecuivalent of the snow in inches. The mean density 

by the depth of the snow. 
The coumes at Meyers Station, Pal., Genoa Summit, 

Nw., mid Freels Peak, Chi., were surveyed on March 17 
mid l Y t  a.ncl Ami1 16, res ectively; those at  Grass Lake, 
Blue Lakes, knmaide Eake. and Williams, Cal.! on 
Marcah 17. 24, a.nd 3, respectfively; nnd those at  Pickle 
Mt?adow, Willow Flnt,. Chque Mount&, and B‘o Meadow, 

was not unclert~aken by the Government and the uni- 
versity for espcrimcntal urposes, but with the view of 

iun-off in these watersheds, and est.imating the available 
water supply stored in the snow. 

To ranchers, 1iytlroelec.tric engineers, and managers of 
niunicipalwater plants and reclarnat8ion projects in Nevada, 
each season’s available rmi-off from Lake Talioe (whose 
solo outlet is the Truckee River) is of great importance. 
How the siiowfnzl and run-off in. the Lake Tahoe water- 
shed liavo been corrclated, an13 forecasts of the probable 
maxiniuni suninier level in that lake. made possible 
thereby b tlie writer, have been esplamed m another 

weigiing P 
o I the snow is obtained by dividing the water content 

the tube and its core of snow with the spring 

Cd., on April 4 ,  5, S, and 9, respectively. % his work 

establishing a basis for t I; ie correlation of snowfall and 

paper? H ere we shall c o n h e  ourselves to a considera- 
6 This REVIEW, May, 1915,43:317. 
OAlriatorr Henry F. A method of forerastin the maximum summer level in Lake 

T n h ~  ... PONTIILY tI’E.4TIiER REVIEW, July, ?91-5,44:401-0. 
’ Bracke, 6p. cit., p. 9.23. - 
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tion of tho various relationships between depth and 
mean denslty; altitude and depth: age and mean density; 
and pressure and density of snow covers. 

Inl:Lrs. 
12.5 
17.0 
22.0 
1 . 0  
23.5 

Y Z O  
98.0 
29.5 
30.0 

24.0 

TABLE l.-Dr.plhs ntd nireruqtgt: drnsilics of .wow rowr i.ti the Tahnc, Car- 
ron, crud TPiclfier bnsiws, March-April. 1.'ll&--Continued. 

Relatfoii. betweai. depth and density. 
.......... 

I 
I Inches. 

.53.5 

54.5 
55.0 

5.1. n 
I Inchrs. 

.....................I 08.5 
? .................... w.0 ..................... I 99.5 

0.430 
. 4 . 2  
.455 
.451 

0.4'5 
.416 
.4M 
.439 
.412 
.455 . .WJ 
.431 . 4a3  

11. af~!) . 4315 
.444 
.415 
.llil 
.4Wl 
.454 
..111 . 4c2 . larc 

0.469 
.414 
.501 

.459 
,423 
,408 
.42s 
.4.ii 
.Mi 
.4W 
.3!W 
.I47 
. t i 5  

. G I  . Rlih 

. 4 I I  

.41s 
,444 
.40i 
.&!I . lrin 
.I% 

,438 . 4fis 
.4M 
.4?9 
.431; 
.4?i 
.45i 
.4,M 
,391 

. (ti; 

.441 

.4l5 

.4% 

,411; 
.4?5 

. a! 
0.44 I 

,332 
.437 
.4:ts . :iw 
..!a1 

. 43i 

.17 

. 4 2 1  . 3fi2 
,437 
..I17 
.423 
.436 
,404 

. *20 

.47!, .iln 

.3% 

.4E 

.115 

. 4 l i  

.I18 

n. $4!J 

0. 4.50 

n. 4% 

0. $24 

. 

.43n 

.4ni 

n. 385 

0 . 3 1  

. _- 

4 .................... , .................... ..................... ..................... Tabh 1 has been prepared to show the relationship 
between the nienn density and dept,li of the sorrral snow 
covcrs in t3he Sierra Nevach Mountains. The 438 mens- 
uremeiits macle in that, region have been tnbulntecl in 
numerical order, a.ccording to deptlis, which are given 
for each half inch, regardless of geogrtyliical location, 
to ography, altitude, or physical conditmn of the snow. 
(#herever two or more measurements were innde. at t+e 
same depth, the number of such ineasurenieiits IS mdl- 
catell by B sniall figure prefixed to the depths, but. the. 
density given is the arithmetic 1nea.n of all the rlensidies 
for tho given depth.). 

In Table 2 are given the mean tlensities for siion' 
layers of different depths arranged in steps of 10 inches 

rogressively in the order of total depth of snow cover 
For the same region. 
As w-e glance down tlie c.olunins (I€ Table 1 ,  the fiist 

thing that strikes the eyr is that the densities are reniark- 
ably uniform; in fact., 90 per cent of them fell het,weeii 
0.40 nnd 0.49; in 13 esceptioiial cases, the densities 
vary froiu 0.333 to 0.X10, and in 5 others, from 0.501 
to 0.53s. T h o  higliest individunl mean density, 0.538, 
occurred in a t  laver of total depth of -18.5 inches, while 
tlie lowest, 0.332, was found in a layer having a total 
depth of 142 inches. These abnormalities are so in- 
teresthiw that we consider it worth while to give them 
in tabuTar form (Table 3:), together with depths, wnter- 
sheds, elevations, and the dates of surveys. They linve 
occurred in a l l  basins, and at  different ilepths, nlt,it.udes, 
a d  Gates. 

I t  IS interesting to note that a t  equal depths, the same 
n1ea.n densities have been observed a t  poiii:,s a consitler- 
able distance from each other and of tlifforent e l e n -  
tions. For esaiiiple: At a depth of 54.5 inches, a dcnaity 
of 0.455 was fouiicl at, Me em Station, Talioe Basin, 
elevation, 7,000 feet, Marc{ 17: a,nd also at, Freels 
Peak, sa.nie basin, one mont7~ btet ' ,  a.t an elcrn.tion of 8,500 
feet. 

ion. n 
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1m.n 

105. n 
io;. n 
IDD. n 

1M.6 

108. 0 

loY. 5 
110.0 

112.5 
113.0 
114.5 
115.fl 
115.5 
11A.II 
11s. 11 
l lS.5 

1%. 0 

111.0 
1"l. 5 
E?. 0 
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1 1 . 5  
m . 0  
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137.0 

14s. n 
149. n 
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15s. n 
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R7.0 
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92.5 
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95.0 w. 0 
9R. 5 
M i .  0 
!ii. 5 

lii. n 
82. n 

65. n 

lie. n 

' 3 .6  
,.I. n 

s4. n 
8s. n 

a. n >w. n 
[w). n 
91. 0 

3s. n 

..................... ..................... I ................. - 1  

..................... 1 
I 

..................... ..................... ..................... 

...................... ..................... ! 
i . ,145 

..I13 I, i:::::::: ............ i 
0. u 1  . .r21 

,432 
.435 
.Jlh . .X48 
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.447 
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.Ji4 . QS . rXJ2 
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0.444 . .508 . $21 
.'I43 . 293 . 4i:' 
.424 
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.445 

0.4s0 
..IliIj . 410 
.448 
.4P? 
. u t 5  . M1 
,451 
.- 
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TABLE I.---Depths nsd  avo-aqf dmai1ie.q of .wow i - o w  in thc Ttrhoc, Par- 
son, and Walker basins, Harch-April, 1916. 

....... 

lensit?. Density. 

0. 353 
.39J 
.46s 
.448 
.4n .%is 
.459 
..I79 
.45s 
.4;7 

0.456 . I W  
.455 . IS1 
.41s 
.w 
. 4 s o  . $23 
.4m 
.444 . 4% 
. 4 i 8  
.w2 

Kurnher of measure- I lleptl,, 
mrnts. 

Mumher of memure- 
ments. Depth. 

j IIicht~8. 
3 .. .................., 40.5 
4 ....................I 41.11 
3 ..................... 11.5 
3 .................... ; *?.I1 
3 .................... ; q2.5 
3 .................... 43.11 
.....................I 43.5 

3 .................... 44.5 
4 ....................I 44.11 

3 ....................I 43.0 

........... ..........I .15..5 
3 ..................... 4H.O 

2 .................... .1;.5 
:: .................... j 4i.n 

5 . . . . . . . . . . . . . . . . . . . . .  . tan ..................... 1 4R.5 
2 .................... 4v.n 
2 .................... ! 49.5 ..................... j 3.0 

3 .................... I 50.5 
5 . . . . . . . . . . . . . . . . . . . . .  3 . 0  
7 ..................... 53.0 

......... -. ........ - .. . .... 

Avenge I 
density. , /  

Depth. 
. . . .  I-- - ,: - I ..................... ..................... x .................... 

Y. ................... 
3.. .................. 
2 .................... 
4 .................... 
6 .................... 
8 .................... 

_. ................... 

..................... 

! .................... 
J .................... 

Inrhrr.  
100-1 I l l . .  ....................... 
lln-l?n ........................ ! 
1**1:w.. ..................... .; 
1 :{n-l.w. ....................... 
1.lu-150.. ...................... 
1..1Bn ........................ ' 
160-170 ... .....................I 
1711-1 73.. 

I 
...................... I 

__ 

I). IBI 
II .  431 
0.4 1:: 
11. 4:11 
Il.4n.i 
0.404 

0. I l i  
n. 4%; 

Iiirlirr. 
111-21 ............................ 
!!1I-:u1 ............................ 
:m-%n.. .......................... 
3O-W ............................ 
I%!-70.. .......................... 
7Il-&o.. .......................... 
..0 ............................ 
?HI-100.. 

.ii+.;n.. .......................... 

......................... I ___ 
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Willow Flat.. ............................. .I.. .do.. .... 
(:moa summit. ............................ I T ~ W . .  ... 
Burnside Lake. ........................... - 1  Carson. ... 
William. ................................. . I  .. .do.. .... 

TABLE J.-Exceplionally high and low nrer c simir den&ks in tlrc Tnlioe, 
C'nrson. and JValkcr waiershsds, Z a r c k A p r i l ,  1916. 

8' om 
A' wc) 
8: m 

Low. 
- . -. .- - .... 

1)ensity. 1 I'eptb. I \Vat.ershedj 7;:- 
I Inrhrs. 

l-i-_ I-_ 

II.:VYP ............................. 1.12.0 Carson .... 1 8.000 
11.352 ............................ I 12.5 Wdkar ___. !  i,!lSO 
n.:m ........................... ..; 11io.n ... do ....... i s. .m 

1 Frrt.  i 

55 ' Mar. IS 
94 Mar. I 
881 Do. 

~~ 

.... 
Ii.:is.. ........................... 
a . a ~  ............................. .... 
11.591 

il.:I!T.. .......................... ... 
11.:t9n .............................. ... ....... 

1I.590.. 

.......................... .. i .  SX) 

8 000 139 
8' so0 44 

$E 1 1% 

... _- ...... 

Date of surwy. 

Mar. 24 
Apr. 16 
Apr. 8 

Mar. 21. 
.\pr. 3. 
Apr. S. 
Mar. 21. 
Apr. S. 
Apr. 8. 
Mar. 21. 

DO. 
A r. 8. 
Mtr. 17 and 2lj. 
Apr. 11% 
Mar. 24. 
Mar. 2.4 and Yu. 

Nasi- 
mum. 

0.847 
0.626 
0.649 
0.650 
0.599 
0.W 

High. 

MinG 
mum. 

n.4m 
0.501 
0.481 
0.587 
lL562 
0.573 

II..WI ........................... _., W.5 Walkrr .... - 525 Apr. 0. 
0.m ............................. I I  s2.5 ... do ....... I f : m I A n r . 4 .  

0.324 

0 . 5 8  
0.600 
0.797 

n . 5 1 ~  

n.m 
0.6337 

~~~~~. ~ 

11..-* ............................ .: M.S ... do ....... 7'zs 
I I . . ? ~  ............................. ..... i:MwI 
u.%S ............................. .... i ,5W 

Cni. 
0.5LX ~ 187.5 _ _ _ _ _ _ _ _ _ _ _ _  0.542 
n.320 I 212.5 ............ 0.5% 
0 . 1 9  537.5 ............ 0.5% 
0.51s 2ti2.5 ............ 0.583 
0.51ti I2Si.5 ............ 0.57s 
0.~75,131?.5 ............ 0.m 
0.512i1 

I: 

- Do. 
Mar. 17. 
Apr. 4. 

A s  t.0 t,he relationship betnven altit,ude and the tlept,li 
of t.hc snow corer, we give in Table 4 the names of t,he 
"couiws" and wat.ershecls, nnd t.he elevatioiis m d  aver- 
iigp dept,lia of snow cover for the 11 courses suireyecl in 
1016, mit.h dat,es. 

'rARLE 4.--dltihtrk! nnrl drpth of snnzi: wiw in the Tnlroc, C'armt, aiirl 
1llnlkt.r rratrrshh, March-April, 1916. 
__ ... - . - ............... - 

I I 

Name 01 coiirse. 

The reat.est average depth wa.s found at  Blue Lakes, 
sit, a.n a 7 titude of S,OO0 feet, March 34, a.nd the least st. 
Pickle Meadow, eleration 7,2067,750 feet., Bpril 4, n.nd 
t,hi? depths measured 139 and 42 inches, respect.iva1-y. 
Its is evident that tslie several snow covers did not, vary 
d i r d l y  as to depth either with a1tit.ude or with age. 
This is not unusual. 

Age  of s , i m o  cover 1:n. rclntion. to tkirs.ity. 

age densities for 11 coiii'ses are given in Tahle 5. 
'I'he dat,es of surveys, watersheds, elevat.iolis, a.nd avw- 

TABLE G.-Incrwse i i i  arwags densit!t nj 'mow with Q ~ C  in the Tahoe, Carson, 
(rnd Ilblkcr r~-aferdicd$, iliarch-Aprzl, 1916. 

..... 

Date 01 survey. watershed. Eleva- 1 Average i I  tion. I density. 
_ _ _  ......... .-- - .- . - ... .... 

Mar. 17 .............................................. _! Carson. 
Do.. ........................................... ._I Tahoe.. 

Mar. 18 ................................................... do ..... 
Mar. N... ............................................ I Csrson.. .. 
Mar. 26.. .do.. ..... 

Do. .............................................. .. .do.. ..... 
Apr. 4... ............................................. .... 
-\pr. 5. ................................................. .do ....... 
-\pr. R ................................................... do ....... 
Apr. 9 ................................................... do ....... 
.\pr. 16 ............................................... Tahoe ..... 

Average lor survep made in March.. ......... 

Amrage Ior surveys made in Aprll ............. ~_.__._._____ .......... 

0. a 4  
0. a 7  
0.44n 
0.410 
0.488 
0.444 
0.429 
0.4w 
0.456 
0.4% 
0.483 
0.472 
L163 

The later siirreys, as might bc. espccked, show a greater 
average density in flip snow cover. The last general fall 
of snow for the season of 1916, a light one, occurred in 
all basins about March 5. 

Relntion hCQ.weei~ pressrm n.iid clen.sity. 

We shall now briefly consider the relationshi between 

of t,he subject is appronched with liesitmcy, for the 
pressure function is a. coniples one, and the evidence 
dclucccl by various invest.ignt.ors 8s to t>he effect of pres- 
sure on density is conflict,ing. At.tenipt,s have heen made 
by Abe, Wenglcr,' and ot,hers to espress t,his relation in 
concrete m~t~h~niat~ical  form, but so far as we b o w  no 
forinula of general application to prsct.ica1 problems ha3 
yet heen worked out. In working out a logarithmic fnr- 
niula, Abe st,artecl out with the assumption t.liat "the 
densit,y of snow increases in proportion to the pressure." 
This may he well enough when we are dealing with a per 
fec ly homogeneous mass of snow, but not otherwise. 
Abe's deduc d densities differed materially from the ob- 
served ones. In one instance? where the snow cover was 
65 ccntinieten in clc.ptrli and the densities were given for 
seven layers, the clifferences between t,lie observed and 
coni utcd densities ranged from + 0.020 to - 0.070. 

d i i g l e r  girw the depths and densities shown in Table 
6, quot.ecl from a report by .Defaat., who made some den- 
sity iiieasureiiicnt.s on the Goldberg glacier in August, 
190s. 

TABLE &-Depth and h r i t y  of snow o n  GoMhsrg Gh&r, August, 1908. 

pressure and density. For obvious rea.sons t 7 iis phase 

...... ................... _ _  ....... - -- ...... .- ...... 

I Density. ! 
I 

Cm. 
12.5 ............ 0.2M 
3i.S.. .......... 0.38s 

87.5 ............ 
112.5 ............ 
137.5 ............ 
lt2.5 ............ I 0.534 

1~2.5  ............. n.51.5 
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A very signficant feature of Table 6 is that the greatest 
average density ( s k  measurements were made a t  each 
level) did not occur in tlie lowest layer, but at depth 
87.5cms. (fourth layer). Defant explains this abnor- 
mality as follows: 

Mter a heavy snowfall there fell an intensive rain, which, however, 
had only-soaked m to the upper layers, which l?y within depth sf 
87.5 centimeters: by recurrence of frost, B rough ice crust, 10 cenW 
meters thick, had formed upon which the new snow rested; under that 
must was found a real glacier snow extending into greater depths into 
glacial ice, whose denslty was found to be 0.85. 

It seeins to us t.hat the possible and more than probable 
occurrence of such abnormnl strat.a every season in aiiy 
watershed where t,hc winters are long, the t,eniperatures 
:i.lternately high and low, and rains alt,ern;i.te 1vit.h snows, 
inust, necessarily introduce factors which niaks such for- 
multtz LS t,hnt proposed by Abe lo of doubtful value in the 
solviag of practical problems in snow density. 

The ahnorinality referred t,o above is not an iso1:i t.ed 
oiic. Schreiher l1 made some niensurement,s in the reginii 
of the Ficht,elberg (hl~larcli, l904)? t,he rrsu1t.s of which are 
given in Table 7. The totd depth of the snow c o ~ c r  rnw 
380 ceiit.iinet,ers, :~nd four nieasureiiients were ninde, in 
layers each 50 ceiitimetcrs thick. 

TABLE $.-L)t.pth a id  demit!/ of snow corer 2.t~ [Re Ficlitclb~rq, Jhrclt, 
1904. 

__ .. - ... - . -- -. .- - . . . . .  - .... . . . . . .  -. ............. 

Depth. I Density. I Depth. Density. 
......... I_-; 

! 

........................... ............................ .45 
50 0.53 

100.. 

Qntirnftcrs. 
............................ 

Cralirnctrrs. 

- -. .. .. - - __ -. . .. - .- _ _ _ _  

Here WP havo another inst,ance where the grcntest 
density was not found in the layer where t,he pressure 
was greatest. Inih?ed, at  depths of 100 a.nd SO0 crnti- 
meters the densities were tahe same. 

B r n c I ~ , ~ ~  in his paper gives soiiie ineasureineiits oE in- 
terest., from which we have prepared Ta.hle s. 

TABLE S.---Lk-pth a id  dcnsity of snoir. I Bracke.) 
. . . . .  ..... . . .  - -. . - ............ . . . . .  . .  - 1 Density. Depth. j JJensi1.y. 11 

win.. .......................... , 0. is6 1 4001 in .................... .: I). i.51i 

1 bpth. 
. -- ........ 

dfilliaelcrs. .lfillilttc/i~r.s. 

........................... I .I90 I 501-10:: 1.. .................. _ I  . 2 s i  . ?GI 
.ll-5u 

.m 151-1 I%... ...................... 
191-200... ...................... ......................... .:w2 
211- 50 
301-10. 

......................... .......................... !JI-ln .is 1 mi-in 
.la3 I ill-XI.. ........................ 

I 
.......................... .......................... i . ......................... 

It will he seen that while t,hc density ilt* t1cpt.h -!I.-50 
min. was 0.190, at depth 401-10 nini. i t  was only O . ! l i G ,  
yet tho pressure at the latter station 110 r!oiiht WXY con- 
siderably reater. 

J. E. &urch,'s of the University of Nevatla, untler 
whose supervision thousands of snow iiiensurements hwc~ 

_- ..... - ............... 
D Wcngler, op rit p. 70. 
10 r e  zer 01; cibl p i 4 - i ~ .  
11 B r o 2 e  h bp Gt ' p 8. 
19 ~Wfie) A'' o ' cit" p: 25. 
13 See m<urda&i lh print issiied i y  tlie 1'niversil.y 01 Neiad3, iieua, NN .. 

prexeoting u '*Table of Snow Densities." 

been made in t4he Sierras during t,he past six years, has 
published some of his results, estracts froni which are 
presented in Table 9 of this paper. 
TABLE 9.-Tuble of snow densitiesfm eatirnath Uie wutw eontent of 8 1 ~ ) ~  

.ictithout a m w  sampler. Cl$mh.la 

April and May in- 

Open country ................................... 

Forested country. (Dense forest) ............... 

Open country ................................... 

lhpth. 

Inchn.  
3.2 
9.6 

18.8 
L9.B 
36.6 

3.3 
10. .? 
19. 4 
2% 9 
37. s 
.IS. 1 
59. 1 
tin. 5 
R. I 
EO. A 
97.1 

; 
19. n 
30.2 
39.9 
50.5 
59.9 
70.4 so. 3 
<SI. 5 

100.3 
110.1 
118. s 
129. s 
13i. 3 
149.4 
160.5 
187.8 
168.5 

lenrity. 

emit. 
39.5 
37.1 
44.0 
44.7 
39. g 

37.2 
46.6 
40.5 
34.1 
13.1 
42.8 

37.5 
37.5 
$0.2 
43. s 
42. n 
23. R 
33. n 
.7!. 2 
41.8 
13.2 
57.2 
44.8 
41;. 2 
4.i. 6 
4% 5 
47. t i  
4i. 9 
.XI. 
49. , 
48.5 
47.8 
32.0 

41). 3 

w. 0 

_. __ 

Elevation. 

The t.itle of Tnhlt? 9 is that iised by Dr. Chiirch himself. 
A comparison of t,he 3tl rtntl 5th. 7t.h tinrl I !Mi, ant1 3Tt.h 
and 34th entrirs (it,alicixecl) in t,he (1tmsit.y coliinin of 
bhnt table shows t,hab both in th(1 open ti1111 the forcstml 
areas, ant1 at, low nntl high c+?vti tion-;. w i 1 1 ~  daprtrbures 
from the rulv HS t.0 in(~easc of clensit,y wi t.li increase of 
pressure hitvr orciirrwl in  t,lw Bicrrn Ncr:~tIn.a. 

In  order to t1ciii.onst.ra.t.c. t.liat, no rc.latioiiship hetween 
pressure and c!ensity JW~Y hs assuined iri the ordinary, 
or nonhomogeneous, snow cover found in nature, such 
lis that upon which Ahc ' I  h e s  t.hn forniida D.c7z=dp, 
wc have comput.rd t.hc presaurrs hy 1n.yers for each of 
the t.melvr* successivr I n y c ~ a  of t.hr c~-linh-iml coliimn of 
snow of 1 square-fnot I)auc. c.i.it out, of t,he snow rover on 
Golilberg Wlncier iiicasurcil 11- Ihfant in August. 1908, 
from wh& the total pvssurt? on t.he t,op siirfatc(~ of the 
13 th or bottom layer 1in.s lwen deducetl. Thtl results 
a.re given in Tabla 10, in w-hieh the ctensities m e  those 
1.ukeIi from t,lic second coluiiin of Table G. It is obvious 
that hore " pressure ' ?  illballs the wniph t of the snow 
itsc!f, escliisive of rttmosph~rir pressure. Hence, if wc 
iiiuke 1) equal t,o W we have 

lT'= -4 x H x D x 68.425 11)s. 
whrrr TI' is t.hc weight in poi~nds; A, cross sectional tires 
of cohimn in feot: D,  t,he tlmsity: and 62.425, the weight 
o€ a ciihic foot of water at. 39.2O F. 

.. .... . 

14 Wcnglcr, P., cip. cit., pp. i5-i6. 
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TABLE 10.-Prtasure and denkty of a er~li-1 eohiin~i of snow, Gold- 3. That t,he density of snow in late spring does not 
berg glaner, August, 190s. m r y  directly as the depth, pressure, or altitude of the 

Lajer. 

1.. ........................................... 
3.. ........................................... - ............................................. 

Depth. 

C7n. Fret. 
12.5 I 0.41 
3i.5 ! 1.23 
v2.5 ~ 2.u: 

2.8; 
3.6Y 
4.51 
5.33 
ti. 15 
c. Y7 
i. i 9  
5;. 61 
9.43 

4 ............................................. 
5 ............................................. 
ti ............................................. 
7 ............................................. 
E ............................................. 
9 ............................................. 
10 ............................................ 
11 ............................................ 
12 ............................................ 

8 i . 5 .  
w . 5  
137.5 
lG'3.5 
18i.5 
218.5 
"37.5 
3E.5 
3 7 . 5  

jensity. 

Erle. 

Fed. 
572.33 

-0.47 
+0.13 
-0.03 
-1.61 
+1.05 

0. "M 
0. .3w 
0.515 
0. w2 
0. ljos 
0.5% 
u. 534 
0.542 
0.556 
0.5% 
0.583 
0.5;s 

0. cui 

';::- 
-- 

Feet. 
246.6 

-0.65 
+1.?4 
+0.5Y 
-0.W 
+?.69 

- 
cover. 

- 

Preasl,re, 

powndx. 
7.11; 

53.3s 

lE:z 
14.1."~ 

lIJJ.3i SIloW Cover. 

3. That in n given snow cover strata having abnormally 
high or low densities (reln.t,ively to tlie nvemge density 
of t.he ~-1iole cover) niny occim in open ns well as forested 
x m s ,  nnd in t.lw upper, middle, nncl lower layeis. 
4. 'Iliat t,o deduce, by forniu!n, the density ol the low- 

est, I:LJWS of n snow c:over from measurements of t,lie 
tlept.11 or pressure of it,s t.op lnyer is not n practicnl propo- 
sit,ioii, escept,, perhaps, in the case of n bomogeneous 

2i.  1 2  

171. ti3 

......... ....... - - 
Yem level during ge tember 1916: 

Above mean se.a &vel at hew Pork..  ............ 
.4how or below- 

Mean stage or ~ u g u s t .  1910 ................... 
Yem stage of Geptember. 1915. ._ ._. _ _  _ _ _  _ _  .. 
Avers stage for Beptember Iwt 10 years.. - 

uigliest ,cor& ieptemhr stage. . I. ............... 
Lowest recoded September stage.. .................. 
Average relation of the september level to: 

Aiimst level. .................................... 
October level.. .................................. 

My collea ies OI tlie Reno station, Messrs. W. Bniley 

proof reucling of the tiiblrs iLnd the translntin of articles 

to  t h  conclusions reached by the writer of this paper. 

m-u 
315.72 m d  0. H. fi ammonds, w-hose kind assist,znce16 in the 

lig foreign writers is gratefully Itrlillowledgecf concur :Is 
......... 

I 

- 
Feet. 
CM. 85 

+o. is 
+l. 4.S 
-1-1.37 
-0.30 I $3.39 

fO.0 
fO. 0 

s t  Inyers-of a sawclust cover in n snwniill' wI1cre white 
pine, guiii, niahognny, :ind teak 1unil)t~r is ndlcd indis- 
criminately, by computing tlic pressure of the top ltij-cr 
and deducing tlier~i'i*oni the probnhle tlensit~. of t111. 
iiriderlpiiig layers. 

CONCLUSIONS. 

A careful an11 unbinsed analysis of tlie forcgoiiig tlat:i 
will, we beiieve, wnimnt the lollowing cmcIusioiis : 

1. That the average density of ti s n o ~ \ ~  cover nt (11' new 
the close of winter depends prininriiy. if not chiefly, on the 
various ntmosnheric conditions (unrticularh- ns tcl freems 

Data. 
snpe- l- rlor. 

Lakes. 

bIichi- 
gnn 
and 
Huron 

Fret. 
580.76 

-Q. 38 
+O. 82 +o. 10 
-2.67 
+l. 10 

-0.2 
+0.3 

- 

-- rind rains) uiher which the se&r;il Ja-&r..; litire heeii - - - - - -  I---- 
1'. The author furthrr q.ishes to acknowledge tho assistance reeeived from bh wife deposited, itiicl the age of the siiow c 'o~er .  while prepariug and revising this paper. 


